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[cdd6e] K. Ito, Y. Kiwamoto, A. Sanpei, "Field Analysis of Two-Dimensional 
Dynamics of Nonneutral Plasma with Imaging Diagnostics and Examination of 
Sector-Probing", Jpn. J. Appl. Phys. Vol.40, pp.2558-2565 (2001).
The linear response of the luminosity of the charge-coupled-device (CCD) camera image to the 
electron-flux distribution on the phosphor screen is demonstrated as the basis of two dimensional 
(2D) analyses of non-neutral plasma dynamics. We present a fast and sufficiently accurate 
procedure to construct the potential and the electric field distribution from the observed 2D 
images. Such field analyses are essential for deep and extensive studies of vortex dynamics or 
turbulence. Using this procedure, we quantitatively compare the image diagnostics by sector 
probing for the first time to show that core dynamics which is observed clearly by imaging is 
severely obscured by probing; thus, its application should be limited to simple dynamics of a 
small number of discrete distributions of particles. 
Keywords:non-neutral plasma, image diagnostics, sector probe measurement, vortex dynamics 
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[Att.P-3] A. Sanpei, Y. Kiwamoto, K. Ito, "Generation of Vorticity Hole Surrounding a 
Point Vortex", J. Phys. Soc. Jpn. Vol.70, pp.L2813-2816 (2001).
Depleted regions (holes) in the vorticity distribution of a nonneutral plasma often play a controlling 
role in the evolution of two-dimensional turbulence. We report experimental investigations of the 
generation process of ring holes surrounding strongly-peaked clumps of vorticity (point vortex) 
immersed in the background of a spatially extended vorticity distribution, and determine the empirical 
scaling for the generation time of the ring holes.
KEYWORDS: electron plasma, vortex dynamics, two-dimensional turbulence
[cdd6e{] Y. Yatsuyanagi, Y. Kiwamoto, T. Ebisuzaki, T. Hatori, T. Kato, "Simulations 
of diocotron instability using a special-purpose computer, MDGRAPE-2", Phys. Plasmas, 
Vol.10, No.8 pp.3188-3195 (2003) .
The diocotron instability in a low-density non-neutral electron plasma is examined via numerical 
simulations. For the simulations, a current-vortex filament model and a special-purpose computer, 
MDGRAPE-2 are used. In the previous work, a simulation method based on the current-vortex 
filament model, which is called "current-vortex method" is developed. It is assumed that electric 
current and vorticity have discontinuous filamentary distributions, and both point electric current and 
point vortex are confined in a filament, which is called "current-vortex filament." In this paper, the 
current-vortex method with no electric current is applied to simulations of the non-neutral electron 
plasma. This is equivalent to the traditional point-vortex method. MDGRAPE-2 was originally 
designed for molecular dynamics simulations. It accelerates calculations of the Coulomb interactions, 
the van der Waals interactions and so on. It can also be used to accelerate calculations of the 
Biot–Savart integral. The diocotron modes reproduced by the simulations agree with the result 
predicted by linear theory. This indicates that the current-vortex method is applicable to problems of 
the non-neutral plasma. The linear growth rates of the diocotron instability in the simulations also 
agree with the theoretical ones. This implies that MDGRAPE-2 gives the sufficiently accurate results 
for the calculations of the current-vortex method. A mechanism of merging of electron clumps is 
demonstrated by the simulations. It is concluded that the electric field induced by the conducting wall 
makes the nonlinear stage unstable and causes the clumps to merge.
[cdd6e] A. Sanpei, Y. Kiwamoto, K. Ito, Y. Soga, "Formation of a Vortex Crystal Cell 
Assisted by a Background Vorticity Distribution" , Phys. Rev. E. Vol.68, No.1-2, 016404 (6 
pages) (2003).
A vortex crystal is a quasistationary, symmetric array of intense vortices (clumps). A low level of 
background vorticity is experimentally observed to assist three clumps in forming an equilateral 
		
triangle starting from initial positions on a linear array. The triangle constitutes a unit cell of a 
crystal in a many-vortex system. The background vortex curbs the orbital motion of the clumps 
with unequal strengths to arrest them at the vertices of an equilateral triangle by wrapping them 
with different sized belts of depleted vorticity ~ring holes!. We characterize the contributions of a 
low-level background vorticity distribution on the formation of ordered states of clumps in light 
of the experimental results and existing theories.
[cdd6e] Y. Soga, Y. Kiwamoto, A. Sanpei and J. Aoki, "Merger and binary structure 
formation of two discrete vortices in a background vorticity distribution of a pure electron 
plasma", Phys. Plasmas, Vol.10, No.10 pp.3922-3926 (2003).
Observations have shown that two discrete vortices (clumps) immersed in a broad profile of 
background vorticity merge quickly or form a binary state that lasts for a long period. The 
different paths of the vortical evolution critically depend on slight differences in the initial 
background vorticity distribution (BGVD). By a fine control of the BGVD the asymptotic 
inter-clump distance is found to be a two-valued function of 
— z b z b
2 , where z b is the BGV at 
the initial location of the clumps, corresponding to the merger and the binary state. The 
multiplicity is removed by considering the degree of depletion of BGVD between two clumps at 
the time of their proximity in the initial phase. 
[cdd6eü] ?ÃÄÊÅMNOPQRST¼öËÆPQRSÌÍÇÈ
Vol.79, No.12 pp.1249-1258 (2003).
A review is made on the present status of nonneutral plasma with a particular interest in search of 
a new frontier to plasma physicists engaged in basic researches. The author does not intend to be 
exhaustive nor well balanced in the description, but tries to discuss where we are positioned and 
what we might be able to do to fruitfully enjoy plasma physics and extend its field of activity. 
Leaving most of topics to the cited references, the author describes characteristic features of 
nonneutral plasmas appearing in distinct confinement properties, equilibria, transport, nonlinear 
evolution of Kelvin-Helmholtz instability, and fluid echo phenomena. These examples may 
hopefully convey the significance of nonneutral plasma science as one of newly-rising branches of 
plasma physics and as a potentially relevant channel through which plasma physics could explore 
into new dimensions.
[cdd6e%] Y. Kiwamoto, A. Mohri, M. Fujiwara, "Equilibrium Density Distribution of a 
Two-Species Plasma with a Single Sign of Charge", J. Phys. Soc. Jpn. Vol.73, No.1 
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pp.102-106 (2004).
The equilibrium density distribution of a nonneutral plasma consisting of two species of particles 
is studied theoretically on a basis of a cold two-fluid model. We request an equilibrium state with 
rigid rotation and seek the distribution with minimum energy satisfying the conservation of the 
particle numbers and the canonical angular momentum. The analysis indicates that the overlapping 
of the distributions of the fluids is allowed only while the total density is below the Brillouin 
density limit of the heavier fluid. With increasing number of the lighter particles the heavier fluid 
is pushed out and surrounds the lighter fluid with increasing radial separation. The rotation of the 
heavier fluid changes from the low frequency branch to the upper branch as the density of lighter 
particles further increases. When the number of the heavier particles rotating in the low branch is 
increased, the inner edge of the heavier fluid shrinks to compress the lighter fluid, but when the 
rotation is switched to the upper branch the outer edge of the lighter fluid expands.
KEYWORDS: nonneutral plasma, multispecies plasma, Brillouin density limit, mass separation
[cdd6eÒ] Y. Soga, Y. Kiwamoto, A. Sanpei and J. Aoki, "Radial Compression of Density 
Profile of a Pure Electron Plasma by Application of External Torque", to appear in J. 
Plasma Fusion Research, SERIES 6 (2004).
We report a preliminary experimental study focused on controlling the density distribution of a 
pure electron plasma confined in the Malmberg-Penning trap by application of external torque. 
Substantial radial compression of the density distribution is observed by application of a 
properly controlled rotating electric field. Preliminary analyses of the wave propagating in the 
plasma in terms of the frequency spectra and correlation function indicate that plasma selectively 
absorbs the energy of the driver field to support a wave that fits the profile of the plasma and that 
the excited wave shows a spectrum which occasionally shifts from the driver wave by 40kHz.
Keywords: nonneutral plasma, rotating wall, wave torque, plasma compression
[cdd6effi] J. Aoki, Y. Kiwamoto, Y. Soga and A. Sanpei, "High Fidelity Optical 
Transfer System for Two-Dimensional Imaging of Density Distribution of a Pure Electron 
Plasma", accepted for publication in Jpn. J. Appl. Phys. (2004).
A simple-structured imaging system is constructed for observing two-dimensional electron 
density distributions with a wide dynamic range and a high spatial resolution. It consists of a 
phosphor plate, an image-transfer lens system and a charge-coupled-device (CCD) camera. 
Reliable operation of the CCD camera for experiments in a strong magnetic field (< 2.2 T) requires 
positioning the camera remote from the plasma trap. We have successfully introduced a three-lens 
		
system to transfer the phosphor images to the camera with low distortion and a high optical 
effciency. The luminosity distribution of the CCD camera image is observed to be proportional to 
the axially-integrated two-dimensional distribution of electrons. This proportionality is confirmed 
over a wide dynamic range of 15:60000 in the counting at each pixel of the CCD. Based on the 
linear relationship a quantitative analysis is demonstrated for an image data taken from a vortex 
experiment encompassing the fluctuation level of 15 in the background and the peak value 
exceeding 30000 of an electron clump.
KEYWORDS: electron plasma, vortex dynamics, two-dimensional density distribution, imaging,
optical image transfer
[cdd6efY. Kiwamoto, J. Aoki and Y. Soga, "Potential Distribution of Nonuniformly 
Charged Ellipsoid", to be published in Physics of Plasmas Vol.11, No.10 (2004).
A convenient formula is obtained for fast calculation of the three-dimensional potential 
distribution associated with a spatially varying charge-density distribution by reconstructing it as 
a superposed sets of nested spheroidal shells. It is useful for experimental analyses of 
near-quilibrium states of nonneutral plasmas and for quick evaluation of the gravity field 
associated with stellar mass distributions.
[cdd6e] J. Aoki, Y. Kiwamoto and Y. Soga , "Novel Application of Electron Vortex 
Dynamics to the Alignment of Magnetic and Cylinder Axes", submitted to Jpn. J. Appl. 
Phys. (2004).
We have developed a novel application of vortex motion of pure electron plasmas to a new 
scheme of the evaluation and amendment of misalignments between the magnetic axis and the wall 
axis. This scheme consists of the observation of circular orbits of electrons confined locally in two 
axially-separated short traps. The analyses of the orbits' radii and the centers of the trajectories 
lead to precise determination of the extents of misalignments and indicate the direction and the 
amount of the displacement to be taken for the better alignment. We report an example of the 
procedure which has been successfully applied to the alignment of multi-ringed electron/ion trap 
to be operated in a strong magnetic field variable up to 2.2T.
KEYWORDS: axial alignment, magnetic axis, nonneutral plasma, electron vortex
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